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Description 



[MEMORY DEVICE STRUCTURE AND 
METHOD OF FABRICATING THE SAME] 

Cross Reference to Related Applications 

[0001] This application is a divisional application of, and claims 
the priority benefit of, U.S. application serial No. 
10/064,383 filed on July 09, 2002. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhis invention relates to a semiconductor device structure 
and the method of fabricating the same. More particularly, 
this invention relates to a memory device structure and 
the method of fabricating the same. 

[0004] Background of The Invention 

[0005] Typical flash memory cells use poly-silicon to form the 

floating gate. During programming, the electrons injected 
into the floating gate are distributed uniformly on the 
whole layer of the floating gate. However, when the tunnel 



oxide under the poly-silicon floating gate has defects, the 
device tends to have leakage current, resulting in reliabil- 
ity issues. 

[0006] Thus, a memory device has been developed which has a 
structure of Silicon-Oxide-Nitride-Oxide-Semiconductor 
(SONOS). When the voltage between the word line and the 
buried drain is being programmed, the electrons in the 
channel and close to the buried drain region are injected 
into the silicon nitride layer. Since silicon nitride has a 
special property of catching electrons, the injected elec- 
trons do not distribute uniformly on the whole silicon ni- 
tride layer. They rather crowd and localize on the silicon 
nitride layer with a Causs"s distribution. Because the elec- 
trons injected into the silicon nitride layer only distribute 
in a local region, the device is then not as sensitive to the 
defects of the tunnel oxide. As a result, it performs better 
with less leakage current. 

[0007] pig. 1A to Fig. 1C are cross- section process flow dia- 
grams of an existing SONOS memory device. 

[0008] Referring to Fig. 1A, a substrate 100 is provided first, 
where the substrate 100 has a memory cell region 120 
and a periphery circuit region 130. Further, an oxide layer 
102 is formed on the substrate 100. Afterwards, a silicon 



nitride layer 104 and an oxide layer 106 are formed on 
the oxide layer 102, and then the oxide layer 102, the sil- 
icon nitride layer 104 and the oxide layer 106 belonged to 
the periphery circuit region 130 are etched. A gate oxide 
layer 103 of the periphery circuit region 130 is grown by 
the wet oxidation method, without being grown in the 
memory cell region at this time. Then, at the same time, a 
poly silicon layer 108 is formed on top of the silicon oxide 
layer 106 in the memory cell region 120 and also on top 
of the oxide layer 103 in the region of the periphery cir- 
cuit 130. A photo resist layer 110 is then patterned on top 
of the poly-silicon layer 108, covering the area where the 
gate structure is to be formed. 
[0009] Referring to Fig. IB, using the photo resist layer 110 as an 
etch mask, the stack of layers in the memory cell region 
102 including the poly silicon layer 108, the silicon oxide 
layer 106, the silicon nitride layer 104 and the silicon ox- 
ide layer 102, as well as the stack in the periphery circuit 
region 130 including the poly silicon 108 and the silicon 
oxide 103, are patterned to form a gate structure in each 
of the two regions 120, 130 respectively. In the memory 
cell region 120, the formed gate structure comprises a 
tunnel oxide layer 102b, a silicon nitride electron-cap- 



turing layer 104b, a barrier oxide layer 106b and a poly- 
silicon layer 108b. In the periphery circuit region 130, on 
the other hand, the formed gate structure comprises a 
gate oxide layer 103a and a poly-silicon layer 108a. Fur- 
ther, the gate structures are used to be masks during the 
ion implantation forming the lightly doped drain regions 
112b, 112a in the substrate 100 around the gate struc- 
tures in regions 120 and 130, respectively. 

[0010] Following that, referring to Fig. 1C, spacer wallsll4b, 
114a are formed surrounding the gate structures in the 
memory region 120 and the periphery circuit region 130, 
respectively. The spacer walls 114b, 114a are then used 
as another mask of implantation to form the source and 
drain regions 116b, 116a in the substrate 100, surround- 
ing the spacer walls 114b, 114a. After this, one can pre- 
cede with the metal wire layers and other backend pro- 
cesses to complete the memory processing. 

[° 011 ] In the above stated process steps of fabricating the mem- 
ory device, the patterning of the poly-silicon is etched in 
one step for both memory region and periphery region, 
and following the poly-silicon etch is the etch for the ox- 
ide-nitride-oxide (O-N-O) layer in the memory region and 
the etch for the gate oxide in the periphery circuit region. 



However, due to the big difference between the thickness 
and structures of O-N-0 layer in the memory region and 
that of the gate oxide layer in the periphery circuit region, 
and provided that the gate oxide thickness is getting thin- 
ner and thinner for the 0.25um process and under, it is 
difficult to control the etching to completely etch through 
the O-N-0 structure without lowering (or pitting) the sub- 
strate surface in the periphery circuit region by over- 
etching the gate oxide. In order to solve the above pro- 
cess issue, another existing method is separating the 
poly-silicon etch step into two steps for the periphery cir- 
cuit region and the memory region, insuring the com- 
pleteness of the device. However, this method must use 
one additional photolithography mask, thus adding pro- 
cess complexity. 
Summary of Invention 

[0012] Therefore, it is an object of the invention is to provide a 
SONOS memory device structure and its fabrication 
method, so as to solve the problem of having damaged 
substrate surface in the periphery circuit region during 
poly-silicon etch. 

[0013] it is another object of the invention to provide a memory 
device structure and its fabrication method, so as to re- 



duce process complexity. 

[0014] The invention provides a method of fabricating a memory 
device. The method includes the following steps. First, 
from the substrate and up, a tunnel oxide layer, a silicon 
nitride layer and a barrier silicon oxide layer are formed 
consecutively. A conductive layer is formed right on top of 
the last silicon oxide layer. This conductive layer is then 
patterned, and, at the same time the silicon oxide layer is 
also patterned, exposing the silicon nitride layer. Follow- 
ing that, a blanket dielectric layer is formed on top, cover- 
ing the gate layer and the silicon nitride layer. This dielec- 
tric layer is then defined by using one etch step to form a 
spacer wall on the sides of the gate layer. During this etch 
step, the silicon nitride layer not covered by the spacer 
wall can be advantageously etched away and form the sili- 
con nitride electron capturing layer. Note that the width of 
the formed electron-capturing layer is larger than that of 
the conductive gate layer. The current invention also in- 
cludes forming a source/drain area in the substrate 
around the spacer, and forming a silicide layer on top of 
the gate layer to reduce the gate contact resistance. 

[0015] The invention provides a method of fabricating a memory 
device. The method includes the following steps. First, a 



substrate is provided which has a memory region and a 
periphery circuit region. Secondly, an oxide layer is 
formed on the surface of the substrate, and a silicon ni- 
tride layer and another dielectric layer are formed on top 
of the oxide layer at only the memory region. After that, a 
conductive layer is formed on top of the dielectric layer at 
the memory region and the oxide layer at the periphery 
circuit region. This conductive layer is then patterned to 
form a first gate at the memory region and a second gate 
at the periphery circuit region. During this patterning 
step, the dielectric layer at the memory region and the 
oxide layer at the periphery circuit region are also pat- 
terned in the same step, exposing the silicon nitride layer 
in the memory region. A blanket dielectric layer is then 
formed on top, covering the first gate, the silicon nitride 
layer, and the second gate in both regions. Following that, 
an etch step is used to pattern the blanket dielectric layer 
and form a spacer on the sidewall of the first gate, and 
form another spacer on the sidewall of the second gate. 
During this patterning step, the silicon nitride layer in the 
memory region not covered by the spacer is also removed, 
forming the silicon nitride electron-capturing layer. Note 
that the width of the formed electron-capturing layer is 



larger than that of the conductive gate layer. The current 
invention also includes forming a source/drain area in the 
substrate around the spacer, and forming a silicide layer 
on top of the gate layer to reduce the gate contact resis- 
tance. 

[0016] The invention also provides a memory device structure, 
which includes a substrate, a tunnel oxide layer, a silicon 
nitride electron-capturing layer, an oxide layer, a conduc- 
tive gate layer and a silicon nitride spacer wall. In this 
structure, the tunnel oxide layer is deposed above the 
substrate surface. The silicon nitride electron-capturing 
layer is deposed above and in contact with the tunnel ox- 
ide layer. The conductive gate layer is deposed above a 
portion of the electron-capturing layer. The width of the 
electron-capturing layer is larger than that of the conduc- 
tive gate layer. The oxide layer is deposed in between the 
gate layer and the silicon nitride electron-capturing layer 
so as to isolate the conductive gate layer and the silicon 
nitride electron-capturing layer. In addition, the silicon 
nitride spacers are deposed above the silicon nitride elec- 
tron-capturing layer and on the sidewalls of the conduc- 
tive gate layer and the silicon oxide layer. The current in- 
vention also includes forming a source/drain area in the 



substrate around the spacer, and forming a silicide layer 
on top of the gate layer to reduce the gate contact resis- 
tance. 

[0017] | n the method of fabricating the SONOS memory device in 
the current invention, during the step of patterning the 
poly-silicon layer, the top silicon oxide layer of the stack 
of silicon oxide-silicon nitride-tunnel oxide is patterned, 
stopping on the silicon nitride layer, thereby avoiding 
damaging the substrate of the periphery circuit region 
during the etching process. 

[0018] Furthermore, in the method of fabricating the SONOS 

memory device in the current invention, because the etch 
step can be processed at the same time for both memory 
region and the periphery circuit region, there is then no 
need for an extra photo/etch step, thereby simplifying the 
process and making it suitable for the embedded pro- 
cessing. 

[0019] Also, in the SONOS memory device structure of the cur- 
rent invention, the silicon nitride electron-capturing layer 
is larger. As a result, more electron-capturing area is pro- 
vided, thereby increasing the threshold voltage window 
during programming. 
Brief Description of Drawings 



[0020] The invention and its purposes, features, and advantages 
can be more fully understood by reading the following de- 
tailed description of the preferred embodiments with ref- 
erence made to the accompanying drawings. 

[0021] pigs. 1A to 1C are schematic diagrams showing a cross- 
section fabrication flow for an existing SONOS memory 
device. 

[0022] pigs. 2A to 2E are schematic diagrams showing a cross- 
section fabrication flow for the SONOS memory device of a 
preferred embodiment of the current invention. 
Detailed Description 

[0023] Referring to Figure 2A, a substrate 200 is provided, where 
the substrate 200 includes a memory region 220 and a 
periphery circuit region 230. An isolation region (not 
shown) is formed above the substrate, forming an active 
region (not shown). A well region (not shown) is then 
formed in the substrate 200. Then, an oxide layer 202 is 
formed above the substrate 200. After that, a silicon ni- 
tride layer 204 and a silicon oxide layer 206 are formed 
above the oxide layer 202. The silicon nitride layer 204 
can be substituted with other materials having the prop- 
erty of storing and capturing electrons. Similarly, the sili- 
con oxide layer 206 can also be substituted with other di- 



electric materials. The oxide layer 202, the silicon nitride 
layer 204 and the oxide layer 206 belonged to the periph- 
ery circuit region 230 are further etched, and thereafter, a 
gate oxide layer 203 of the periphery circuit region 230 is 
grown by the wet oxidation method. 

[0024] a poly-silicon layer 208 is then formed on the above 

structure, covering both the oxide layer 206 in the mem- 
ory region 220 and the silicon oxide layer 203 in the pe- 
riphery region 230, at the same time. The poly-silicon 
layer 208 can be substituted with other conductive mate- 
rials, where any material, which can be used as gate ma- 
terial, is considered suitable for this invention. After that, 
a photo resist pattern layer 210 is then formed above the 
poly-silicon layer 208, covering the area where the gate 
structure is to be formed. 

[0025] Referring to Figure 2B, using the photo resist layer 210 as 
an etch mask, the poly-silicon layer 208, as well as the 
silicon oxide layer 206 in the memory region 220, to- 
gether with the poly-silicon layer 208 and the silicon ox- 
ide layer 203 in the periphery circuit region 230, are all 
patterned in an etch step, forming conductive gate struc- 
tures 208b, 208a in the memory region 220 and the pe- 
riphery circuit region 230, respectively. During this etch 



step, the silicon nitride layer 204 in the memory region 
220 is exposed outside of the area covered by the gate 
208b. Since the etch selectivity is higher between the sili- 
con oxide layers 206, and the silicon nitride layer 204, the 
etch process can thus be controlled and stopped at the 
silicon nitride layer 204. This makes it easy to control the 
etch step so as to prevent the substrate 200 surface in the 
periphery circuit region from being etched down due to 
the over etching. 

[0026] Next, the conductive gate structures 208b, 208a are used 
as the implant masks to form lightly doped drain regions 
212b, 212a in the substrate 200 on the sides of the gate 
structures 208b, 208a, respectively. 

[0027] Referring to Figure 2C, a blanket dielectric layer 218 is 
then formed above the substrate 200, covering the con- 
ductive gate structures 208b, 208a and the silicon nitride 
layer 204, wherein the most preferred material for the 
blanket dielectric layer 218 is silicon nitride. 

[0028] Referring to Figure 2D, with one etch process step to the 
blanket dielectric layer 218, spacer wall structures 218b 
and 218a are formed at the sidewalls of the gate struc- 
tures 208b and 208a, respectively. Since the material of 
the blanket dielectric layer 218 is also silicon nitride, the 



underneath silicon nitride layer 204 can be removed at the 
same time in the area not covered by the gate 208b and 
the spacer wall 218b, to form a silicon nitride electron- 
capturing layer 204b. Note that the width of the formed 
silicon nitride electron-capturing layer 204b is larger than 
that of the conductive gate structure 208b. In other 
words, the width of the silicon nitride electron-capturing 
layer 204b in this invention can be larger than that of the 
existing memory devices. Therefore, the memory device in 
this invention can provide more electron-capturing area, 
and, as a result, provide wider threshold voltage window 
during programming. 

[0029] Next, source/drain regions 216b, 216a are formed in the 
substrate 200 at the sides of the spacers 218b, 218a by 
using the spacers 218b, 218a as the implant masks. 

[0030] Referring to Figure 2E, the memory device of this inven- 
tion further includes a metal silicide material 219 on the 
top surface of the gate structures 208b, 208a, and on the 
surface of the substrate above the areas of the source/ 
drain regions 216b, 216a. The method of forming the 
metal silicide layer 219, for example, includes forming a 
metal layer on top of the substrate 200, followed by a 
heating process to enable a reaction between the metal 



and the silicon material not covered by the spacers 218b, 
218a. The metal silicide layer 219 can be, for example, 
cobalt silicide. 

[0031] Finally, the memory device fabrication is completed by 
finishing up the metal wiring and other backend pro- 
cesses. 

[0032] The memory device in this invention includes a memory 
region 220, a periphery circuit region 230 and a substrate 
200. The memory region 220 further includes a conduc- 
tive gate layer 208b, a tunnel oxide 202b, a silicon nitride 
electron-capturing layer 204b, a silicon oxide layer 206b, 
a silicon nitride spacer wall 218b, and a source/drain re- 
gion 216b. Additionally, the periphery circuit region 230 
further includes a gate oxide layer 203a, a conductive 
gate layer 208a, a silicon nitride spacer wall 218a and a 
source/drain region 216a. 

[0033] | n the memory region 220, the tunnel oxide layer 202b is 
disposed on the surface of substrate 200. The silicon ni- 
tride electron-capturing layer 204b is disposed on the 
tunnel oxide layer 202b. The silicon oxide layer 206b is 
disposed on the silicon nitride electron-capturing layer 
204b. And the conductive gate layer 208b is disposed on 
a portion of the silicon nitride electron-capturing layer 



204b. The width of the silicon nitride electron-capturing 
layer 204b is larger than that of the gate 208b. Further 
there is a silicon oxide layer 206b which is disposed in 
between the conductive gate layer 208b and the silicon 
nitride electron-capturing layer 204b to isolate the above 
two layers 208b, 204b. In addition, the silicon nitride 
spacer 218b is disposed on top of the silicon nitride elec- 
tron-capturing layer 204b and on the sidewalls of the 
gate layer 208b and the silicon oxide layer 206b. Further- 
more, the source/drain region 216b is disposed in the 
substrate 200 and outside of the area covered by the sili- 
con nitride spacer 218b. 

[0034] Additionally, in the periphery circuit region 230, the gate 
oxide layer 203a is disposed on the top surface of the 
substrate 200. The gate layer 208a is disposed on the 
gate oxide layer 203a, and the silicon nitride spacer 218a 
is disposed at the sidewalls of the gate layer 208a and the 
gate oxide layer 203a. The source/drain region 216a is 
disposed in the substrate 200, in the area outside of the 
silicon nitride spacer 218a. 

[0035] The memory device of the current invention further in- 
cludes a metal silicide layer 219 disposed on the top sur- 
face of the gate layer 208b, 208a as well as on the top 



surface of the substrate 200 above the source/drain re- 
gion 216b, 216a, where the silicide layer 219 is used for 
reducing the resistance value of the gate layers 208b, 
208a and the source/drain regions 216b, 216a. 
[0036] | n the method of fabricating the SONOS memory device of 
this invention, since the step of patterning the conductive 
gate layer only includes patterning the poly-silicon layer 
and the top silicon oxide layer of the stack of oxide-sili- 
con nitride-silicon oxide and stopping at the silicon ni- 
tride layer, the problem of over etching into the substrate 
and causing a lowered substrate surface in the periphery 
circuit region can be prevented. Also, in the method of 
fabricating the SONOS memory device, since the poly- 
silicon can be patterned in both the memory region and 
the periphery circuit region without an extra photolithog- 
raphy/etch step, the process can be simplified and used in 
embedded processes. In addition, in the SONOS memory 
device of the invention, since the width of the silicon ni- 
tride electron-capturing layer is larger than that of the 
existing silicon nitride electron-capturing layer, the device 
can provide more electron-capturing area, and as a result, 
increase the threshold voltage window during program- 
ming. 



[0037] | n summary of the above description, the current inven- 
tion has the following advantages. 

[0038] i. The method of fabricating the memory device of the in- 
vention can prevent substrate damage in the periphery 
circuit region during the etching process. 

[0039] 2. The method of fabricating the memory device can sim- 
plify process, and can be used in embedded processes. 

[0040] 3. The memory device structure of the invention can in- 
crease the threshold voltage window during programming. 

[0041] other embodiments of the invention will appear to those 
skilled in the art from consideration of the specification 
and practice of the invention disclosed herein. It is in- 
tended that the specification and examples be considered 
as exemplary only, with a true scope and spirit of the in- 
vention being indicated by the following claims. 



